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Abstract: We study lepton flavor violation in a class of supersymmetric models with
light sgoldstino – scalar superpartner of Goldstone fermions responsible for spontaneous
supersymmetry breaking. Sgoldstino couplings to the Standard Model (SM) fermions are
determined by the MSSM soft terms and, in general, provide with flavor violation in this
sector. Sgoldstino admixture to the lightest Higgs boson results in changes of its coupling
constants and, in particular, leads to lepton flavor-violating decay h → τµ of the Higgs
resonance. We discuss viability and phenomenological consequences of this scenario.
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1 Introduction
Study of the Higgs boson properties is one of the priority problems since its discovery [1, 2].
Special attention is paid to flavor changing processes involving the Higgs boson and, in
particular, to the lepton flavor-violating (LFV) Higgs boson decays [3, 4]. Prospects of
studying the LFV Higgs boson decays at the LHC experiments were discussed in [5–9]. In
particular, it has been found that given strong constraints from FCNC physics sufficiently
large branching ratios of the Higgs boson decays h → eτ and h → µτ are still allowed1.
Recently, the latter h→ µτ decay has drawn much attention because the latest results for
upper limits on the branching ratio of h → τµ decay have been reported by the ATLAS,
Br(h→ τµ) < 1.85× 10−2, and CMS, Br(h→ τµ) < 1.51× 10−2 at 95% CL. At the same
time, the CMS analysis revealed a small excess in this process with a significance of 2.4σ
which can be interpreted as LFV Higgs decay with branching Br(h→ τµ) = 8.4+3.9−3.7×10−3.
Although not yet statistically significant, this excess is very intriguing. If confirmed, it
would give direct indication on non-SM properties of the Higgs boson.
To explain this excess, various models of new physics have been studied, including [10–21].
In what follows, we will be interested in supersymmetric scenarios. LFV decays of the
Higgs boson in MSSM was discussed 2 in [25, 26] and recently in [27]. Previous studies
of h → µτ decay with account of the CMS excess can be found in Refs. [28], [29]. These
studies revealed that for a generic set of parameters predictions for Br(h → µτ) are very
small for this decay to be observed at the LHC and only limited parameter space of MSSM
is capable of explaining the CMS excess.
1Here we denote Br(h→ lilj) ≡ Br(h→ lilj) + Br(h→ lilj)
2See Refs. [22–24] for studies of LFV Higgs boson decays in other supersymmetric models.
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In this paper, we will be interested in explanation of the CMS excess within the framework
of a particular class of supersymmetric models with low scale supersymmetry breaking
(see, e.g [30] and recent studies in [31–35]. In these models, it is assumed that the scale
of supersymmetry breaking
√
F is not very far from the electroweak energy scale. In
this case, particles responsible for the spontaneous supersymmetry breaking may show
up already in the LHC experiments [36–43]. This additional sector contains goldstino
and its superpartners – sgoldstinos, which in the simplest case are scalars. The coupling
constants of this sector to the SM particles are governed by the soft supersymmetry breaking
parameters of supersymmetric model which are generally flavor violating and can lead to
FCNC processes [44–50]. The main idea for the explanation of the CMS excess is that the
Higgs boson can mix with the scalar sgoldstino [51, 52], while the latter has flavor-violating
interactions with the SM fermions.
Below we calculate the contribution of the sgoldstino-Higgs mixing to h → τµ decay and
analyze constraints from relevant FCNC processes and from LHC data. We find that this
mixing is capable of explaining the CMS excess in a part of the parameter space. Also
we discuss possible implications of this scenario for the Higgs boson physics as well as for
several FCNC processes. In Section 2 we describe the theoretical framework of low scale
supersymmetry breaking models and discuss sgoldstino-Higgs mixing. In Section 3 we turn
to the phenomenological analysis, performing a scan over relevant parameter space of the
model and discussing experimental constraints. In Section 4 we present the results of the
scan and reveal interesting features which can be useful to verifying this scenario. Section 5
contains our conclusions and several technical aspects are left for appendices.
2 Theoretical framework
Here we briefly describe the main features of the supersymmetric model with light sgold-
stinos. In addition to the SM fields and their superpartners of the conventional MSSM
we introduce goldstino chiral superfield Φ = φ +
√
2θG˜ + Fφθ
2. Here G˜ is the Goldstone
fermion, φ is the sgoldstino field and Fφ is the auxiliary field. Due to some dynamics
in the hidden sector, the field Fφ acquires vacuum expectation value which breaks SUSY
spontaneously. We restrict ourselves to the simplest set of operators which reproduces soft
SUSY-breaking parameters of MSSM after spontaneous supersymmetry breaking [31, 53].
We use the following lagrangian
Lmodel = LKähler + Lsuperpotential. (2.1)
The contribution to the Kähler potential has the form
LKähler =
∫
d2θ d2θ
∑
k
(
1− m
2
k
F 2
Φ†Φ
)
Φ†ke
g1V1+g2V2+g3V3Φk, (2.2)
where the sum goes over all chiral MSSM superfields and we implicitly assume possibility
of nontrivial flavor structure for the soft parameters m2k of sleptons and squarks. The
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contribution from the superpotential is
Lsuperpotential =
∫
d2θ
{
ij
((
µ− B
F
Φ
)
H idH
j
u +
(
Y Lab +
ALab
F
Φ
)
LjaE
c
bH
i
d+
+
(
Y Dab +
ADab
F
Φ
)
QjaD
c
bH
i
d +
(
Y Uab +
AUab
F
Φ
)
QiaU
c
bH
j
d
)
+
+
1
4
∑
α
(
1 +
2Mα
F
Φ
)
TrWαWα
}
+ h.c.
(2.3)
Here B, AL,D,Uab and Mα, a, b, α = 1, 2, 3 are the soft MSSM parameters. For lagrangian of
the hidden sector, we choose the following form
LΦ =
∫
d2θ d2θ
(
Φ†Φ + K˜(Φ†,Φ)
)
−
(∫
d2θFΦ + h.c.
)
, (2.4)
where the first term is the canonical kinetic term while the second one, K˜(Φ†,Φ), represents
some complicated dynamics in the hidden sector and is suppressed by powers of F . The last
linear term in the superpotential of Eq. (2.4) forces the auxiliary field Fφ to acquire non-zero
vacuum expectation value 〈Fφ〉 = F+O
(
1
F
)
and hence triggers spontaneous supersymmetry
breaking. In what follows, we assume that all the parameters of the lagrangian (2.1) – (2.4)
are real and hence ignore possible CP-violation 3 After integrating out the auxiliary fields
of sgoldstino and Higgs chiral superfields as well as auxiliary fields of vector superfields
containing the SM gauge bosons and assuming that
√
F is the largest energy scale of the
model, the potential of the Higgs sector can be written as an expansion in powers of 1/F
as follows
Vmodel = VMSSM + V
(1) + V (2) + ... , (2.5)
where VMSSM is the MSSM scalar potential [55]
VMSSM =
(|µ|2 +m2Hu) (|H0u|2 + |H+u |2)+ (|µ|2 +m2Hd) (|H0d |2 + |H+d |2)+
+
(
B
(
H+u H
−
d −H0uH0d
)
+ c.c.
)
+
+
g21 + g
2
2
8
(|H0u|2 + |H+u |2 − |H0d |2 − |H+d |2)2 + g212 ∣∣H+u H0∗d +H0uH−∗d ∣∣2 .
(2.6)
V (1) contains part of the potential responsible for Higgs-sgoldstino mixing
Vmixing =
φ
F
(
µ
(
m2Hu +m
2
Hd
) (
H0uH
0
d
)∗ − g21M1 + g22M2
8
(|H0u|2 − |H0d |2)2−
−Bµ (|H0u|2 + |H0d |2))+ h.c. (2.7)
The part V (2) contains, in particular, 1/F 2 corrections to the MSSM Higgs potential
V (2) =
1
F 2
∣∣∣m2HuH†uHu +m2HdH†dHd −BijH iuHjd∣∣∣2 + ... (2.8)
3CP-violation in the Higgs boson decays has been discussed in Refs. [7], [54] in view of the experiments
at the LHC. At the same time, complex flavour-violating Yukawa couplings can lead to non-zero electric
dipole moment of muon [6]. We leave discussion of implications of these interesting effects in the framework
of the model in question for future studies.
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Other contributions to the scalar potential in Eqs. (2.5) and (2.8) include sgoldstino poten-
tial, contributions of higher orders in 1/F and nonlinear interactions with sgoldstino which
are not relevant for the present analysis.
Next, we expand Higgs H0u,d and sgoldstino φ fields around their minima as follows
H0u = vu +
1√
2
(h cosα+H sinα) +
ı˙√
2
A cosβ,
H0d = vd +
1√
2
(−h sinα+H cosα) + ı˙√
2
A sinβ,
φ =
1√
2
(s+ ı˙p) ,
(2.9)
where vu,d = 〈H0u,d〉 and v ≡
√
v2u + v
2
d = 174 GeV, tanβ =
vu
vd
. Mixing angle between
gauge (ReH0u, ReH0d) and mass eigenstates (h, H) is denoted by α. By convention, h is
assumed to be lighter than H. A is CP-odd neutral Higgs field, while s and p are scalar
and pseudoscalar sgoldstino components. In what follows, we will work in the decoupling
limit, i.e. mA  mh, or, equivalently cos α ≈ sin β, sin α ≈ − cos β. Substituting (2.9)
into (2.7) and holding only quadratic terms, one gets the following mass matrix in scalar
sector
M2s =
m2H 0 YF0 m2h XF
Y
F
X
F m
2
s
 , (2.10)
where the off-diagonal terms are
X = 2µ3 v sin 2β +
v3
2
(g21 M1 + g
2
2 M2) cos
2 2β,
Y = µ v (m2A − 2µ2) +
v3
4
(
g21M1 + g
2
2M2
)
sin 4β.
(2.11)
In writing (2.9), we assume following Ref. [52] that sgoldstino field φ does not acquire
non-zero vacuum expectation value4. In this study, we address sufficiently small sgoldstino
masses, hence the heavier Higgs boson H decouples and the remaining light states can be
approximated by the following linear combination(
h˜
s˜
)
=
(
cos θ − sin θ
sin θ cos θ
)(
h
s
)
. (2.12)
The mixing angle can be obtained from the following equation
tan 2θ =
2X
F (m2s −m2h)
. (2.13)
In the decoupling regime, the m2h parameter is given by
m2h = m
2
Z cos
2 2β +
v2
F 2
(
B sin 2β − 2µ2)2 + loop corrections. (2.14)
4It was shown in [52], that the third derivatives of sgoldstino Kähler potential can be adjusted in such
a way that 〈φ〉 = 0. This condition can be relaxed to a certain extent: non-zero vev of φ affects sgoldstino-
Higgs mixing in the order 1
F2
and thus suppressed as compared to the leading contribution if 〈φ〉 <∼
√
F .
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Let us note, that the second term in (2.14) coming from Eq. (2.8) at some values of pa-
rameters gives considerable contribution [56] and allows to reduce the level of fine-tuning
as compared to the standard MSSM setup for
√
F ∼ few TeV, see [57] for details.
The mixing between the Higgs boson and sgoldstino results in modification of their coupling
constants with the vector bosons and SM fermions. It is important for our study, that
sgoldstino interactions with leptons are given by the soft trilinear couplings ALab. In a generic
model, their flavor structure is different from that of lepton Yukawa coupling constants. In
this way, small admixture of sgoldstino to the lightest Higgs boson generates flavor violating
couplings of the latter. To describe changes of the couplings, let us consider the relevant
part of the lagrangian after the EWSB
L ⊃ Y Lab eb la
(
1 +
h√
2v
)
+
ALab√
2F
eb la vd s+ h.c. ⊃
⊃ (vd lR Y L lL + h.c.) +
(
vd lR
(
Y L√
2v
cos θ − (A
L)T√
2F
sin θ
)
lLh˜+ h.c.
)
.
(2.15)
Assuming the leptons to be in the mass basis l = (e, µ, τ)T with vdY Lab = −maδab, we obtain
L ⊃ −ma la la − h˜
(
laL l
b
R Y
h˜
ab + h.c.
)
, (2.16)
where the modified Yukawa couplings look as
Y h˜ab =
ma δab cos θ√
2v
+
vdA
L
ab sin θ√
2F
. (2.17)
We see that Y h˜ab 6= 0 if a 6= b and hence the LVF decays of the Higgs boson arise already at
tree level. The decay width for h˜→ la lb with a 6= b is given by [3, 6]
Γ(h˜→ la lb) = Γ(h˜→ lb la) + Γ(h˜→ la lb) =
mh˜
8pi
(
|Y h˜ab|2 + |Y h˜ba|2
)
. (2.18)
3 Analysis of the scenario
In this section, we describe the strategy which is used here to analyze phenomenological
consequences of the scenario with lepton flavor-violating couplings of the Higgs resonance
which appear from its interactions with the sector responsible for supersymmetry break-
ing. Although this scenario is quite general and allows for flavor violation in both quark
and lepton sectors, in the following discussion we focus mainly on µ–τ part in view of
the CMS excess. We perform a scan over relevant part of the parameter space presented
in Table 1. We remind that the consistency of the effective field theory approach to the
model (2.2)–(2.4) requires that the parameters which become soft terms after the sponta-
neous supersymmetry breaking should be smaller than
√
F . In what follows, we fix value
of supersymmetry breaking scale to 8 TeV. We will comment on this choice later on. Note
that we allow for rather large values of off-diagonal trilinear soft parameters Aµµ, Aττ , Aµτ
and Aτµ and following purely phenomenological approach assume no other sources of lepton
flavor violation in the model. All soft masses of sleptons are chosen to be equal and we
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tan β 1.5 . . . 50.5
|µ| 100 . . . 2000 GeV
M1 100 . . . 2000GeV
M2 200 . . . 2000GeV
M3 1.5 . . . 4.0TeV
Aττ , Aµτ , Aτµ 0.1
√
F . . .
√
F
Aµµ 0.1
√
F . . . 0.5
√
F
msl 4000 GeV . . .
√
F
Table 1. Parameter space used in the analysis
scan over their common value msl. While scanning over the soft parameters of the lepton
sector, we take into account experimental constraint on slepton masses. Namely, we will
require that the mass of the lightest slepton should be larger than 325GeV [58]. In our
analysis, we calculate spectrum of the lepton mass matrix and check whether this constraint
on the smallest eigenvalue is fulfilled. The squark sector of the model is not considered here,
and thus we independently scan over the mass parameter mh of the lightest Higgs boson
entering the scalar mass matrix over the following interval 115–130 GeV. We find that for
the most interesting cases the mass parameter of the scalar sgoldstino should not be very
heavy or very small. In the case of heavy sgoldstino, the mixing angle (2.13) is small and,
as a consequence, the width of h˜ → µτ decay is suppressed. On the other hand, very
light sgoldstinos with large Higgs boson admixture are phenomenologically unacceptable
due to results from the LEP [59] and Tevatron [60] experiments. In what follows, we limit
ourselves to the regimes in which the scalar sgoldstino mass parameter is somewhat smaller
(90–114 GeV) or larger (150–200 GeV) than the Higgs boson mass. Some parameters, which
are not of primary importance for the analysis, were fixed to reasonable benchmark values.
In particular, we set the soft trilinear constant of b-quark Abb = 0.5
√
F and the mass of
pseudoscalar sgoldstino mp = 200GeV. For each chosen point in the parameter space, we
find physical masses of the Higgs-like mh˜ and sgoldstino-like states ms˜, selecting models
with the Higgs resonance lying in the mass range mh˜ = 125.09
+0.24
−0.24 GeV, calculate relevant
observables which will be discussed below and find phenomenologically acceptable models.
Mixing of scalar sgoldstino with the lightest Higgs boson results in modifications of the
Higgs signal strengths
µf =
σ(pp→ h˜)× Br(h˜→ f)
σ(pp→ hSM )× Br(hSM → f) , (3.1)
where index f stands for the following final states, W+W−, ZZ, γ γ, b b, τ+ τ− and µ+µ−.
We calculate them using modified Higgs boson couplings presented in Appendix A. Sizable
QCD corrections have been taken into account using general expressions from Ref. [61].
For the diboson final states, the Higgs boson is mainly produced at the LHC via gluon-
gluon fusion (ggh) channel and neglecting other production mechanisms is a fairly good
– 6 –
approximation. In this case, one obtains
σ(pp→ h˜)
σ(pp→ h)SM '
Γ(h˜→ gg)
Γ(h→ gg)SM =
∣∣∣∑QA1/2(τQ) cos θ + 6M3pivαs F sin θ∣∣∣2∣∣∣∑QA1/2(τQ)∣∣∣2 , (3.2)
where the sum goes over all quarks; see Appendix A. It should be noticed, that both terms
in the numerator,
∑
QA1/2(τQ) and
6M3piv
αs F
, can be of the same size. So, in the case whenM3
and sin θ have different signs (for example in case of the negative value of the parameter µ
and positiveM3) the ratio (3.2) can be close to unity even in the case of large mixing angle.
This possibility can provide with sizable off-diagonal Yukawas Y h˜µτ (Y h˜τµ) and fairly large
branching of process h˜ → µτ (see discussion section). In Table 2 we present experimental
bounds on µf from the ATLAS and CMS experiments for different production and decay
Decay
channel
Production channel
used in the analysis
µf , CMS µf , ATLAS
h˜→ bb production in association
with a vector boson (Vh)
0.89± 0.43 [62–64] 0.74+0.17−0.16 [65]
h˜→ ττ
gluon-gluon fusion (ggh),
vector-boson fusion (VBF),
associated production (Vh)
0.94± 0.41 – VBF
1.07± 0.46 – ggh
[64, 66]
1.4± 0.4 – VBF [67]
h˜→WW gluon-gluon fusion (ggh) 0.74+0.22−0.20 [68] 1.02+0.29−0.26 [69]
h˜→ ZZ
gluon-gluon fusion (ggh),
vector-boson fusion (VBF),
associated production (Vh),
quarks-fusion (tth, bbh)
0.83+0.31−0.25 [70] 1.44
+0.40
−0.33 [71]
h˜→ γγ gluon-gluon fusion (ggh) 1.12+0.37−0.32 [72] 1.32± 0.38 [73]
Table 2. Constraints on the signal strengths µf from the LHC experiments
channels of Higgs boson which are taken into account in the present analysis. We accept
given point in parameter space (see below) if it predicts µf which lies inside the ATLAS and
CMS bounds. Mixing of the Higgs boson with sgoldstino leads to significant modification
of its decay into a pair of muons in comparison with the SM. This decay has not been
seen yet at the LHC. The best upper limits for its signal strengths are µµµ < 13.2 for ggH
production channel and µµµ < 11.2 for VBF channel [74]. The ratio of the corresponding
decay widths in our model and in the SM for Higgs bosons of the same mass reads
Γ(h˜→ µµ)
Γ(h→ µµ)SM
=
(
cos θ +
Aµµv
2
Fmµ
cosβ sin θ
)2
. (3.3)
For Aµµ ∼
√
F this ratio is large and exceeds the experimental bounds. For this reason, we
choose the upper bound for Aµµ in our scanning to be equal to 0.5
√
F (see Table 1).
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Further, we check whether the scalar sgoldstino-like resonance is allowed by existing ex-
perimental results. For the case of the LHC searches for diboson resonances, we use the
observables σ(pp → s˜)× Br(s˜ → f) where f stands for pair of photons [75], W [76, 77] or
Z bosons [78]. These final states are the most constraining for sgoldstino with discussed
parameters. Due to large tree level couplings to the massless vector bosons dominating
production mechanism for sgoldstino will be gluon-gluon fusion [79]. The leading order
production cross section can be written in the form
σs˜ =
pi2
8
Γ(s˜→ gg)
sms˜
∫ 1
m2s˜/s
dx
x
fp/g(x,ms˜2) fp,p/g
(
m2s˜
xs
,m2s˜
)
, (3.4)
where Γ(s˜ → gg) is the partial width of sgoldstino-like state decaying into two gluons, s
is the center of mass energy squared and fp/g(x,Q2) are the parton distribution functions
defined at scale Q2. We numerically calculate the quantity σs˜ ×BR(s˜→ γγ) using CTEQ6L
[80] parametrization of the parton distribution functions and compare it with the experi-
mental bounds. Very light sgoldstino s˜, with the mass in the range 90–114 GeV and with
sufficiently large Higgs boson admixture, decays dominantly into bb¯ final state. We use
corresponding bounds from LEP [59] and TeVatron [60] searches in this case.
Now, let us turn to the observables specific for lepton flavor violation in question. Inter-
actions of the Higgs boson h˜ and scalar sgoldstino s˜ in µ–τ sector are described by the
following lagrangian
L ⊃ −Y h˜µτ h˜ µLτR − Y h˜τµ h˜ τLµR − Y h˜µµ h˜ µLµR − Y h˜ττ h˜ τLτR−
− Y s˜µτ s˜ µLτR − Y s˜τµ s˜ τLµR − Y s˜µµ s˜ µLµR − Y s˜ττ s˜ τLτR + h.c.
(3.5)
These interactions contribute several lepton flavor-violating processes. For our analysis,
the most important of them are τ → µγ and τ → 3µ decays. The effective lagrangian
h˜, s˜
τ ττ µ
γ
Y h˜,s˜ττ PL + Y
h˜,s˜
ττ PR Y
h˜,s˜
τµ PL + Y
h˜,s˜
µτ PR
h˜, s˜
µ µτ µ
γ
Y h˜,s˜τµ PL + Y
h˜,s˜
µτ PR Y
h˜,s˜
µµ PL + Y
h˜,s˜
µµ PR
Figure 1. 1-loop diagrams with h˜ and s˜
describing τ → µγ decay is
Leff = cL e
8pi2
mτ
(
µσαβ PLτ
)
Fαβ + cR
e
8pi2
mτ
(
µσαβ PRτ
)
Fαβ + h.c. (3.6)
and the corresponding decay width is given by
Γ(τ → µγ) = αm
5
τ
64pi4
(|cL|2 + |cR|2) . (3.7)
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Here cL,R are the Wilson coefficients which acquire different contributions from the standard
diagrams involving sleptons as well as model-specific contributions from loop diagrams
containing the Higgs boson and sgoldstino with lepton flavor-violating couplings (3.6). Now
we remind that the effective theory with spontaneous supersymmetry breaking which we
consider in this paper is not renormalizable and the one-loop contribution of goldstino sector
to the coefficients cL,R is in general divergent. In fact, one can write higher dimensional
supersymmetric operator which would generate the terms as in eq. (3.6) already at tree level
after supersymmetry breaking (see, e.g. Ref. [81]). In this sense, our model has a limited
predictive power with respect to such observables as Br(τ → µγ) or Br(τ → 3µ) which
depend on underlying microscopic theory. To have a glimpse on possible size of the effect,
we assume that there is no tree level contribution to the lagrangian (3.6) but it appears at
one-loop level. We will estimate the dominant divergent one-loop contributions assuming
a realistic cutoff Λ for the effective theory. Possible values of the cutoff in the low scale
supersymmetry breaking models have been discussed some time ago in Refs. [45, 88, 89].
It has been found that the cutoff for this model can lie somewhere between the level of soft
masses of matter scalars m˜ (the largest of which can not exceed
√
F ) and the value Λ2 =
16piF 2/m˜2. The latter represents the energy at which perturbative unitarity is violated
in the model in 2 → 2 scattering of matter fermions. In our numerical estimates for
Br(τ → µγ) we use the upper boundary of the allowed region of the cutoffs with m˜ replaced
by the level of slepton masses, as the sleptons are most relevant for our analysis. Here
we refer interested reader to Refs. [45, 81] for extensive discussions of loop contributions
of goldstino sector to different FCNC processes and muon anomalous magnetic moment.
Having made this disclaimer, we collect different parts of the Wilson coefficients cL,R as
follows
cL,R = c
1-loop,h˜
L,R + c
1-loop,s˜
L,R + c
2-loop
L,R + c
sp
L,R + c
SUSY
L,R , (3.8)
where c1-loop,h˜L,R , c
1-loop,s˜
L,R are convergent one-loop contribution with the Higgs boson and sgold-
stino in Fig. 1, c2-loopL,R are 2-loop Barr-Zee type diagrams presented in Fig. 2 c
sp
L.R are the
µ
h˜, s˜ Z, γ
t
t
t
τ µ
γ
µ
h˜, s˜ Z, γ
W
W
W
τ µ
γ
one-loop divergent diagrams involving sgoldstino coupling with photons shown in Fig. 3 and
cSUSYL,R are the 1-loop diagrams with internal superpartners depicted in Fig. 4. Explicit ex-
pressions for different contributions are presented in Appendix B. Numerically, we observe
that the dominant contribution for most of the acceptable models with realistic value of
the cutoff Λ of microscopic theory comes from the last term in (3.8). We calculate and sum
– 9 –
µ
h˜, s˜
Z, γW
W
τ µ
γ
Z
µ
h˜, s˜
µ
Z
µτ µ
γ
Figure 2. Barr-Zee type 2-loop diagrams
µ
s˜, p γ
τ µ
γ
τ
γ s˜, p
τ µ
γ
Figure 3. 1-loop diagrams with internal (pseudo)scalar sgoldstino
N˜
l˜ l˜
τ µ
γ
Figure 4. 1-loop diagram with internal neutralino and sleptons
up different contributions using formulas (3.7),(B.8),(B.11),(B.4), find the branching ratio
of τ → µγ and compare it with the present 90% C.L. upper limit [82]
Br(τ → µγ) < 4.4× 10−8. (3.9)
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τ µ
µ
µ
s˜, h˜
Figure 5. Tree-level diagram of τ → 3µ decay with virtual sgoldstino and Higgs exchange
Another relevant constraint we use in our analysis is the upper limit on the decay τ → 3µ [83]
Br(τ → 3µ) < 2.1× 10−8. (3.10)
The leading order contribution is given by the diagram with exchange of virtual sgoldstino
depicted in Fig. 5 and reads as follows
Γ(τ → 3µ) = m
5
τ
6144pi3
A2µµ
F
(
v2 cos2 β
F
)2(
cos2 θ
m2s˜
+
sin2 θ
m2
h˜
)2(
A2µτ +A
2
τµ
2F
)
. (3.11)
Here we set the mass of muon to zero and contracted the scalar propagator into point. Loop
corrections to this expression come from diagrams with internal sfermions and gravitinos [45]
and are logarithmically divergent. As in the case of τ → µγ decay this reduces predictive
power of our model. Estimates with finite cutoff Λ show that this correction is suppressed at
least by the factor ∼ m2s˜F log Λm2
s˜l
=
m2s˜
F log
16piF 2
m4
s˜l
as compared to the tree-level contribution.
For our choice of the parameter space and SUSY breaking scale log 16piF
2
m4
s˜l
. 10 and the
overall suppression factor is at least . 10−2. The situation changes drastically if one
allows for flavour violation in M2
l˜LL
or M2
l˜RR
(see discussion in Appendix B). In this case
quadratically divergent diagrams come into play [45] and more involved analysis is needed
to obtain precise prediction for τ → 3µ. However, we are justified to consider tree-level
prediction of τ → 3µ as reliable as long as we use the assumptions of our analysis: a)
no flavour violation in M2
l˜LL
or M2
l˜RR
; b) sgoldstino masses are considerably smaller than
SUSY breaking scale; c) sufficiently large slepton mass scalemsl (which provides logarithmic
factor of order 10 in the worst case).
4 Results and discussion
In this Section we describe the results of the scan over parameter space of the scenario
with sgoldstino. In the figures below, we show different parameters and observables for
models which satisfy all phenomenological constraints described previously. For illustrating
purposes, we present only the models with sufficiently large branching fraction Br(h˜ →
µτ) > 5.0·10−4. By blue color we mark the models which are capable of explaining the CMS
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excess, Br(h˜ → µτ) = 8.4+3.9−3.7 × 10−3. In several figures we use also purple color to mark
points which lie somewhat below the CMS excess but still have significant (more than 0.2%)
branching ratio. According to the latest study [84], this level of branching fraction of h˜→ µτ
will be reachable in future experiments such as HL-LHC and ILC; see also Refs. [85, 86].
The rest of the models are painted in green. Corresponding predictions for Br(h˜ → µτ)
in the selected models are presented in Fig. 6 for light (left panel) and heavy (right panel)
Figure 6. Scatter plots in plane
(
ms˜,Br(h˜→ τµ)
)
for
√
F = 8 TeV and sgoldstino lighter (left)
and heavier (right) than Higgs.
sgoldstino. We find a lot of phenomenologically accepted models explaining the CMS excess.
In Fig. 7 we present distribution of all the selected models in
(
ms˜,
√
A2τµ+A
2
µτ
2F
)
-plane for
lighter (left panel) and heavier (right panel) sgoldstinos. Sgoldstino explanation of the
Figure 7. Scatter plots in plane
(
ms˜,
√
A2τµ+A
2
µτ
2F
)
for
√
F = 8 TeV and sgoldstino lighter (left)
and heavier (right) than than the Higgs boson. By color, we show different levels of Br(h˜→ µτ) as
in Fig. 6.
CMS excess requires large sgoldstino admixture in the Higgs boson and sufficiently large
values of the soft trilinear coupling constants Aµτ and/or Aτµ. This can present a problem
for model building and we leave this question for future study. Numerically, we obtain
that the value of | sin θ| should be larger than 0.05 (0.15) for light (heavy) sgoldstino for
models with Br(h˜ → τµ) > 5 · 10−4. Now let us comment more on the choice of the
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sgoldstino mass intervals and the value of supersymmetry breaking scale. It appears that
sgoldstino with masses larger than about 200 GeV is not capable to explain the CMS excess
in chosen parameter space (see Table 1). Larger sgoldstino masses result in a suppression
of the mixing angle (see eq. (2.13)) and correspondingly in a decrease of Br(h˜→ µτ) below
the values indicated by the CMS excess. At the same time, values of
√
F smaller than
about 8 TeV also turn out to be disfavored by this excess and results of direct searches.
Namely, at smaller
√
F the coupling constants of sgoldstino to the SM particles increase
and such sgoldstino is phenomenologically unacceptable. In this case, very light sgoldstino,
which decays mostly to bb due to large mixing with the Higgs boson, becomes excluded
by the TeVatron and LEP results. Heavier sgoldstino with
√
F smaller than about 8 TeV
is excluded by the results of the ATLAS and CMS searches for diboson resonances. If
we enlarge our parameter space by increasing, in particular, the upper bound on µ in the
Table 1, we expect that somewhat lower values of
√
F and larger values of the sgoldstino
mass will be allowed.
In Fig. 8 we show the selected models in (µγγ , µV V )-plane for light (left panel) and heavy
Figure 8. Scatter plots in plane (µγγ , µV V ) for
√
F = 8 TeV and sgoldstino lighter (left) and
heavier (right) than the Higgs boson. By color, we show different levels of Br(h˜→ µτ) as in Fig. 6.
(right panel) sgoldstino. Here µV V is either µZZ or µWW (they are almost coincide for our
choice of parameters). For the case of lighter sgoldstinos, two disjoint regions correspond
to the opposite signs of parameter µ. In the case of heavier sgoldstinos, only positive values
of µ are phenomenologically allowed. The deviation of µV V with respect to their SM values
occurs mainly as a results of an increase in the Higgs-gluon coupling constant, because for
the chosen parameter space couplings of sgoldstino to massive vector bosons and b-quarks
are smaller than those of the Higgs boson. The Standard Model Higgs boson interacts
with massless gauge bosons via loops only. This results in a possibility that the couplings
ghgg,SM and gsgg can be of the same order. Estimates show that one has µV V < 1 (> 1)
when µ > 0 (µ < 0) for ms˜ < mh˜.
Sgoldstino-Higgs mixing results also in changes of the signal strengths for fermionic final
states. For chosen parameter space, the coupling constants of sgoldstino to τ -leptons and
b-quarks are comparable with corresponding couplings of the Higgs boson, while for muons
can even exceed it. For an illustration, in Fig. 9 we show the scatter plot in
(
µVBFττ , µ
ggF
ττ
)
-
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plane for τ+τ− final state. Here the modifications of the signal strengths are mainly due to
changes in the production cross section and the total width of the Higgs resonance. Again,
disjoint regions for µggFττ correspond to different signs of µ. In figure 10 we show the scatter
Figure 9. Scatter plots in plane
(
µVBFττ , µ
ggF
ττ
)
for
√
F = 8 TeV and sgoldstino lighter (left) and
heavier (right) than the Higgs boson. By color, we show different levels of Br(h˜→ µτ) as in Fig. 6.
Figure 10. Scatter plots in plane
(
µVBFµµ , µ
ggF
µµ
)
for
√
F = 8 TeV and sgoldstino lighter (left) and
heavier (right) than the Higgs boson. By color, we show different levels of Br(h˜→ µτ) as in Fig. 6.
plots in plane
(
µVBFµµ , µ
ggF
µµ
)
for µ+µ− final state. In this case the main change is due
to considerable modification of the Higgs boson coupling to muons. For the case of light
sgoldstino and µ > 0, this enhancement can be partially compensated by a suppression of
the production cross section and corresponding models lie on the thin line in the low part
of the left panel in the figure 10.
Now let us discuss the collider phenomenology of the light sgoldstino. This scalar can
reveal itself in the experiments at the LHC as a diboson resonance. In the case of large√
F and sufficiently large mixing of sgoldstino with the Higgs boson, the decay pattern of
sgoldstino becomes similar to that of the Higgs boson. It means that for heavier sgoldstino
the most important decay channels will be W+W− and ZZ. Corresponding cross sections
σ (pp→ s˜)×Br (s˜→W+W− or ZZ) are presented in Fig. 11 for the case of √s = 13 TeV.
Upper envelopes at these scatter plots correspond to the current upper limits from diboson
searches at the LHC. We see that predicted cross sections reach values about several pico-
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Figure 11. Scatter plots in σ (pp→ s˜)× Br (s˜→W+W− or ZZ)-plane for heavy sgoldstino and√
s = 13 TeV. By color we show different levels of Br(h˜→ µτ) as in Fig. 6.
barns for WW final state and values of about 0.2 pb for ZZ case which can be explored in
the starting LHC run. Another important decay channel for heavier sgoldstino is decay into
a pair of photons. We calculated corresponding expected cross-section for
√
s = 13 TeV.
The result is presented on the right panel of Fig.12. Obtained values reaching 0.01–0.1 pb
Figure 12. Scatter plots in σ (pp→ s˜)×Br (s˜→ γγ)-plane for light (left panel) and heavy (right
panel) sgoldstino and
√
s = 13 TeV. By color we show different levels of Br(h˜→ µτ) as in Fig. 6.
seem to be promising quite since they can be verified in the next run of the LHC, espe-
cially for heavy sgoldstino. Sgoldstino of lower masses with sufficiently large Higgs boson
admixture decays mainly to bb¯ but this mass region seems to be quite difficult to probe
with such final state at the ATLAS and CMS experiments. 5 At the same time, in the
considered scenario the scalar sgoldstino have large flavor-violating µ–τ coupling and thus
considerable branching fraction of s˜ → µτ decay. In Fig. 13 we show the cross section
σ (pp→ s˜) × Br (s˜→ µτ) calculated at √s = 13 TeV for selected models and different
5The reason is to get rid of the overwhelming QCD background one should use here tt¯h, vector-boson
fusion or vector-boson associated production. In these cases the sgoldstino production cross section in the
mass range 90 − 115 GeV differs only by the factor sin2 θ from the corresponding production of the SM
Higgs bosons with the same mass. This results in a considerable (at least an order of magnitude) signal
suppression as compared to the case of the SM Higgs boson.
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Figure 13. Scatter plots in (ms˜, σ(pp→ s˜)×Br(s˜→ µτ))-plane for different masses of sgoldstino
and
√
s = 13 TeV. By color we show different levels of Br(h˜→ µτ) as in Fig. 6.
sgoldstino masses. We see that it reaches values about 0.1–0.2 pb for models explaining the
CMS excess, which hopefully can be probed in the next runs of the LHC experiments.
Finally, in Fig. 14 we present predictions for Br (τ → µγ) and Br (τ → 3µ) in the model
with sgoldstino. As we discussed in the previous section, our effective low energy theory
Figure 14. Scatter plots in plane (Br(τ → µγ),Br(τ → 3µ)) for √F = 8 TeV and sgoldstinos
lighter (left) and heavier (right) than the Higgs boson. Solid lines correspond to present limits on
branching fraction of both decays, whereas dashed line represents expected SuperKEKB sensitiv-
ity [87]. By color we show different levels of Br(h˜→ µτ) as in Fig. 6.
has limited predictive power for such observables and in the present study they are only
estimated using realistic value of the cutoff for dominant divergent loop diagrams, Λ2 =
16piF 2/m2sl (see Appendix B and Refs. [45, 88, 89]). The dominant contribution to Br(τ →
µγ) comes from the standard one-loop diagram with sfermions while for Br(τ → 3µ) we
leave only the tree-level contribution with sgoldstino and Higgs boson exchange. In Fig. 14
by solid lines we show the current experimental bounds, while the dashed lines show the
expected SuperKEKB sensitivities to these decays [87]. We checked that with another
choice of the cutoff scale, for instance, Λ =
√
F or Λ = msl, the predictions for the rate
of τ → µγ decay for each particular model in the parameter space can differ considerably.
But the whole picture of colored points on Fig. 14 remains almost unchanged. Thus, our
analysis reveals the level of Br(τ → µγ) about 10−8 can expected in the considered setup.
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We see that many models with low scale supersymmetry breaking explaining the CMS
excess can be possibly probed by these searches. However, we should stress that knowledge
of particular microscopic theory is needed to make more solid predictions for Br(τ → µγ)
and Br(τ → 3µ) for a particular point in the parameter space.
5 Conclusions
In this paper we showed that in models with scale of supersymmetry breaking around several
TeVs and having superlight singlet goldstino and relatively light sgoldstinos (with the latter’s
masses around hundreds GeVs), the Higgs boson can have considerable branching ratio of
h → τµ decay. In particular, we demonstrated that the CMS excess in h → τµ decay can
be explained in this framework. This interesting scenario involves nonzero mixing of the
lightest Higgs boson with scalar sgoldstino which can have flavor-violating couplings to SM
fermions. We stress, that these features are common in the class of models in question.
We performed a scan over relevant parameter space of the model and found several distinct
signatures of this scenario. First of all, due to the mixing with sgoldstino, considerable
changes of the Higgs boson signal strengths for the main search channels γγ, ZZ, W+W−,
τ+τ− and µ+µ− are expected as compared to the SM predictions. We find that for most
of the models explaining the CMS excess the signal strengths differ by more than 10%
from the SM predictions for gluon-gluon fusion production mechanism and even more for
the case of µ+µ− final state. Also, in our setup new scalar light state, sgoldstino, with
its mass not very far from that of the Higgs resonance is present in the particle spectrum.
It can reveal itself in proton collisions at the LHC decaying into the final states similar
to what happens to the Higgs boson. The scalar sgoldstino can be effectively probed
in searches for diboson resonances in the recently started LHC run. Predicted values of
the corresponding cross sections are presented in figures 11 and 12. Moreover, the scalar
sgoldstino have also considerable flavor-violating decay with µτ final state. Predictions for
LFV decays τ → µγ and τ → 3µ within models with low scale supersymmetry breaking are
plagued from uncertainties related to precise knowledge of microscopic theory. Using some
simplifying assumptions and realistic value for the cutoff of the effective theory we made an
estimate for branching ratios of these decays and found obtained values to be interesting in
a part of the parameter space for the nearest future experiments in this area.
Here we concentrated on lepton flavor violation in µ − τ sector motivated by the CMS
results. However, we note that sgoldstino-Higgs mixing as well as (lepton) flavour violation
in sgoldstino interactions are rather general predictions of low scale supersymmetry. Hence,
the model with light goldstino sector can result in LFV Higgs boson decay h→ τe at similar
level as predicted for h→ τµ.
Acknowledgements. We thank D. Gorbunov for useful discussions. This work is sup-
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A Coupling constants of h˜ and s˜.
In this Appendix, we present relevant expressions for the modified coupling constants of
the Higgs and sgoldstino mass states, as well as their decay rates. In the decoupling limit
of the MSSM, we are left with the lightest Higgs boson with the following relevant effective
interactions
Leffh = ghγγ hFµνFµν + ghggh trGµνGµν −
mb√
2v
hbb+
√
2m2W
v
hW+µ W
µ− +
√
2m2Z
2v
hZµZ
µ,
(A.1)
where ghγγ and ghgg are the loop factors. Interactions between scalar sgoldstino and the
SM gauge bosons and fermions are given by
Leffs = −
Mγγ
2
√
2
s FµνF
µν− M3
2
√
2F
s trGµνGµν+
Abb vd√
2F
sbb− M2√
2F
sWµνW
µν∗− MZZ
2
√
2F
sZµνZ
µν ,
(A.2)
where
MZZ = M1 sin
2 θW +M2 cos
2 θW ,
Mγγ = M1 cos
2 θW +M2 sin
2 θW .
(A.3)
The effective interactions with photons, gluons and SM fermions have the same form for
the Higgs boson h and sgoldstino s. As a consequence, corresponding coupling constants
for the mass state h˜ will be given by the following combinations
gh˜γγ = g
1-loop
hγγ,SM cos θ +
Mγγ
2
√
2F
sin θ , (A.4)
gh˜gg = g
1-loop
hgg,SM cos θ +
M3
2
√
2F
sin θ (A.5)
for photons and gluons and
Y h˜ττ =
mτ√
2v
cos θ +
Aττ v cosβ√
2F
sin θ ,
Y h˜bb =
mb√
2v
cos θ +
Abb v cosβ√
2F
sin θ ,
Y h˜µµ =
mµ√
2v
cos θ +
Aµµ v cosβ√
2F
sin θ
(A.6)
for SM fermions. The loop factors look as follows [61]
g1-loophγγ,SM =
α
8
√
2piv
(
A1(τW ) +
∑
q
NcQ
2
q A1/2(τq)
)
,
g1-loophgg,SM =
αs
16
√
2piv
∑
q
A1/2(τq),
(A.7)
where A1 and A1/2 are boson and fermion contributions, respectively,
A1(τ) = −(2 + 3τ + 3τ(2− τ)f(τ)) ,
A1/2(τ) = 2τ(1 + (1− τ)f(τ))
(A.8)
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and
f(τ) =

arcsin2
(
1√
τ
)
, τ ≥ 1
− 1
4
[
log
1 +
√
1− τ
1−√1− τ − ı˙ pi
]2
, τ < 1
(A.9)
with τi =
4m2i
m2h
. Corresponding decay widths can be written as
Γ(h˜→ γγ) =
GFα
2m3
h˜
128
√
2pi3
∣∣∣∣∣
(
A1(τW ) +
∑
q
NcQ
2
q A1/2(τq)
)
cos θ +
4Mγγvpi
αF
sin θ
∣∣∣∣∣
2
,
(A.10)
Γ(h˜→ gg) =
α2sm
3
h˜
GF
36
√
2pi3
∣∣∣∣∣∑
q
3
4
A1/2(τq) cos θ +
6M3piv
αs F
sin θ
∣∣∣∣∣
2
, (A.11)
Γ(h˜→ ff) = mh˜ (Y
h˜
ff )
2
8pi
(
1− 4m
2
f
m2
h˜
) 3
2
. (A.12)
The case of interaction with W and Z bosons is more involved, because of different type of
operators in Eqs. (A.1),(A.2). Corresponding couplings for h˜ can be conveniently written
in the momentum space as follows
gµν
h˜V V
= gµνhV V cos θ +
MV V√
2F
(
(kV1 , kV2)η
µν − kV1µkV2ν) sin θ, (A.13)
where
gµνhV V =
2m2V
v
ηµν (A.14)
and MV V is either M2 or MZZ for W and Z bosons, respectively. The expression for the
decay width [90] which takes into account possibility of the virtual massive vector boson
production looks as
Γ(h˜→ V ∗V ∗ → leptons) = 1
pi
∫ m2
h˜
0
d∆2i
ΓVMV
|D(∆2i )|2
1
pi
×
∫ (mh˜−√∆2i)2
0
d∆2j
ΓVMV
|D(∆2j )|2
ΓV0 (∆i,∆j ,mh˜, θ),
(A.15)
where
ΓV0 (∆i,∆j ,mh˜, θ) = δV
Gm3
h˜
16pi
√
2
√
λ(∆2i ,∆
2
j ,m
2
h˜
)
[
cos2 θ
(
λ(∆i,∆j ,mh˜) + 12
∆2i∆
2
j
m4
h˜
)
+X(∆2i ,∆
2
j , θ)
]
,
D(∆2) = ∆2 −m2V + ı˙mV ΓV ,
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λ(∆2i ,∆
2
j ,m
2
h˜
) =
(
1− ∆
2
i
m2
h˜
− ∆
2
j
m2
h˜
)2
− 4∆
2
i∆
2
j
m4
h˜
, (A.16)
X(∆2i ,∆
2
j , θ) =
∆2i∆
2
j
m4
h˜
Ω sin θ
[
12 cos θ
(
−∆2i −∆2j +m2h˜
)
+
4 Ω sin θ

(
∆2i + ∆
2
j −m2h˜
)2
2
+ ∆2i ∆
2
j
]
and Ω =
MV V v
F
. In formulas (A.16), δ = 1(2) for Z(W ) bosons and ∆i,j is a four-
momentum of off-shell particles V ∗.
The same expressions (A.15) and (A.16) for decay widths are applied for sgoldstinos with
the substitutions cos θ → sin θ and sin θ → − cos θ.
B Contributions to τ → µγ decay
In this Appendix, we present expressions for different contributions to the Wilson coef-
ficients cL and cR in Eq (3.6) which we use to estimate the branching ratio of τ → µγ
decay. We start with the standard SUSY part arising from slepton sector (see Fig 4) which
numerically gives dominant contribution for almost all models selected in our scan. The
6× 6 slepton squared mass matrix in electroweak interaction basis (e˜L, µ˜L, τ˜L, e˜R, µ˜R, τ˜R)
can be written in terms of 3 non-diagonal 3× 3 matrices [91] 6
M2
l˜
=
(
M2
l˜LL
M2
l˜LR
M2†
l˜RL
M2
l˜RR
)
, (B.1)
where
M2
l˜LLij
= m2
L˜ij
+
(
m2li +
(
sin2 θW − 1
2
)
M2Z cos 2β
)
δij ,
M2
l˜RRij
= m2
E˜ij
+ (m2li − sin2 θW M2Z cos 2β) δij ,
M2
l˜LRij
= vdAij −mli µ tanβ δij .
(B.2)
6For clarity, we replace letters denoting generations with corresponding numbers e→ 1, µ→ 2, τ → 3.
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The matrices mL˜, mE˜ , A can be parametrized as
m2
L˜
=
 m
2
L˜1
δLL12 mL˜1mL˜2 δ
LL
13 mL˜1mL˜3
δLL21 mL˜2mL˜1 m
2
L˜2
δLL23 mL˜2mL˜3
δLL31 mL˜3mL˜1 δ
LL
32 mL˜3mL˜2 m
2
L˜3
 ,
vdA =
 meAee δLR12 mL˜1mE˜2 δLR13 mL˜1mE˜3δLR21 mL˜2mE˜1 mµAµµ δLR23 mL˜2mE˜3
δLR31 mL˜3mE˜1 δ
LR
32 mL˜3mE˜2 mτ Aττ
 ,
m2
E˜
=
 m
2
E˜1
δRR12 mE˜1mE˜2 δ
RR
13 mE˜1mE˜3
δRR21 mE˜2mE˜1 m
2
E˜2
δRR23 mE˜2mE˜3
δRR31 mE˜3mE˜1 δ
RR
32 mE˜3mE˜2 m
2
E˜3
 .
(B.3)
We assume that the LFV contribution comes from the trilinear couplings Aµτ and Aτµ
only. Hence, we take δLLij = δ
RR
ij = 0 for i 6= j and also δLR12 = δLR21 = δLR13 = δLR31 = 0. For
simplicity, we assume a common mass scalemsl for right and left sleptons for all generations.
Then we use general expression for contributions from SUSY particles obtained [91, 92] in
Mass Insertion Approximation
cSUSYL =
5pi
3
α2
c2w
v Aτµ cosβ
M1
mτ
1
m2
R˜
−m2
L˜
(
f3n(aL)
m2
L˜
− f3n(aR)
m2
R˜
)
+(“LL contribution"),
cSUSYR =
5pi
3
α2
c2w
v Aµτ cosβ
M1
mτ
1
m2
R˜
−m2
L˜
(
f3n(aL)
m2
L˜
− f3n(aR)
m2
R˜
)
+(“RR contribution").
(B.4)
In this expression, mL˜ and mR˜ are the average slepton masses in “left" and “right" sectors,
respectively, aL,R =
M21
m2
L˜,R˜
and f3n is the loop function from neutralino contribution [91, 92]
f3n(a) =
1 + 2a log a− a2
2(1− a)3 . (B.5)
Using the simplifying assumptions discussed above and taking the limit m2
L˜
−m2
R˜
→ 0, the
expression reduces to
1
m2
R˜
−m2
L˜
(
f3n(aL)
m2
L˜
− f3n(aR)
m2
R˜
)
−→ 2f2n(a)
m4sl
, (B.6)
where f2n(a) is another neutralino loop function [91]
f2n(a) =
−5a2 + 4a+ 1 + 2a(a+ 2) log a
4(1− a)4 . (B.7)
Now let us describe contributions from the diagrams with the Higgs boson and sgoldstino
presented in Fig. 1. The leading order terms in the expansion in powers ofmµ/mh˜ (mµ/ms˜)
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and mτ/mh˜ (mτ/ms˜) for the diagrams with internal Higgs-like state h˜ [6] are
c1-loop,h˜L '
1
12m2
h˜
Y h˜ττ Y
h˜
τµ
(
−4 + 3 log
m2
h˜
m2τ
)
+
1
12m2
h˜
Y h˜µµ Y
h˜
τµ
(
−4 + 3 log
m2
h˜
m2µ
)
,
c1-loop,h˜R '
1
12m2
h˜
Y h˜ττ Y
h˜
µτ
(
−4 + 3 log
m2
h˜
m2τ
)
+
1
12m2
h˜
Y h˜µµ Y
h˜
µτ
(
−4 + 3 log
m2
h˜
m2µ
) (B.8)
and similar expressions with replacements mh˜ → ms˜ and Y h˜ab → Y s˜ab are hold for the case
of intermediate sgoldstino, i.e. for c1−loop,s˜L and c
1−loop,s˜
R . Let us note, that sgoldstino and
Higgs boson contributions can be of the same magnitude: on the one hand the Higgs boson
contribution is enhanced by a factor of ∼ (ms˜/mh˜)2 but on the other hand it is suppressed
by relatively small non-diagonal coupling Y h˜µτ (Y h˜τµ). In the case of light sgoldstino or large
mixing angle, sgoldstino contribution is even dominates.
The diagrams in Fig. 3 containing effective vertex of scalar and pseudoscalar sgoldstino
interaction with photons are divergent. We estimate their contributions assuming a cutoff
Λ for the effective theory of goldstino sector and corresponding contribution to the Wilson
coefficients in the leading order in the τ mass reads
cspL =
Mγγ
4mτF 2
Aτµ v cosβ
(
log
m2p
m2s˜
− (1− cos θ) log Λ
2
m2s˜
)
,
cspR =
Mγγ
4mτF 2
Aµτ v cosβ
(
log
m2p
m2s˜
− (1− cos θ) log Λ
2
m2s˜
)
,
(B.9)
where mp is the mass of the pseudoscalar sgoldstino. Due to the mixing between the
scalar sgoldstino and Higgs boson, scalar and pseudoscalar sgoldstino have different coupling
constants to SM fermions. Note, that in the absence of the mixing the result will be finite
as it was shown in Ref. [81]. Nonzero mixing leads to a divergence in diagrams depicted in
Fig. 3. However, this divergence is only logarithmic and at the same time for most of the
models the mixing is small and the divergent part in Eq. (B.9) is suppressed by a factor
∼ θ2. For numerical estimates we fix mp = 200GeV and Λ2 = 16piF 2/m2sl which is an
estimate for the scale of perturbative violation of unitarity of the effective theory, see the
main text and detailed discussion in Refs. [45, 88, 89].
Finally, let us consider the contributions from 2-loop diagrams depicted in Fig.2. Here
we take into account only convergent part of the Higgs resonance h˜ contribution. The
divergent diagrams with sgoldstino are of higher order from the point of view of microscopic
theory. Moreover, we find that these diagrams are almost never dominant; when they do
dominate their contribution is considerably smaller than the current bounds on Br(τ → µγ).
The diagrams with the internal Z-boson are suppressed by an factor of 1 − 4 s2W ≈ 0.08
compared to diagrams with internal γ. We also neglect them. Finally, we are left with
the contributions from upper and left bottom diagrams on Fig. 2. Their contributions to
Wilson coefficients cL,R can be written as [6]
c2-loopL,R = c
t γ
L,R + c
W γ
L,R , (B.10)
– 22 –
where [6]
ct γL = −
4αGF v
3mτpi
Y h˜τµf(zth),
cW γL =
αGFv
2mτpi
Y h˜τµ
[
3f(zWh) + 5g(zWh) +
3
4
g(zWh) +
3
4
h(zWh) +
f(zWh)− g(zWh)
2zWh
]
.
(B.11)
The loop functions f(z), g(z) and h(z) are
f(z) =
z
2
∫ 1
0
dx
1− 2x(1− x)
x(1− x)− z log
x(1− x)
z
,
g(z) =
z
2
∫ 1
0
dx
1
x(1− x)− z log
x(1− x)
z
,
h(z) =
z
2
∫ 1
0
dx
x(1− x)− z
[
1 +
z
z − x(1− x) log
x(1− x)
z
]
.
(B.12)
The same expressions for cW γR and c
t γ
R can be obtained by replacement Y
h˜
τµ → Y h˜µτ .
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